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157] ABSTRACT

A color image recording apparatus for recording a
color image of an original document on a photosensitive
paper using at least yellow, magenta and cyan liquid
toners respectively containing yellow, magenta and
cyan color materials as primary color components. At
least one of the three liquid toners contains foreign
color materials which are the primary color compo-
nents of the rest of two liquid toners. To reproduce the
color image of the onginal document with maximum
possible fidelity, a disk-shaped rotary filter is provided
for receiving imaging light separated into blue, green
and red light components and changing light transmis-
sion rates passing through the filter so as to be equal to
the proportion of the color matenal to be reproduced
which is contained in the yellow, magenta and cyan
liquid toners. The light transmission rates are changed
each time when one of the yellow, magenta and cyan
liquid toners 1s used.
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COLOR CORRECTED IMAGE RECORDING
APPARATUS USING YELLOW, MAGENTA AND
CYAN LIQUID TONERS

BACKGROUND OF THE INVENTION

The present invention relates generally to a color
image recording apparatus, and more particularly to a
wettype color image recording apparatus wherein a
latent image formed on a photosensitive member is
developed by using at least three liquid toners of yel-
- low, magenta and cyan.

In a conventional color image recording apparatus of
this kind, developing processes with yellow, magenta
and cyan liquid toners are individually and sequentially
performed. In the yellow toner developing process,
light 1s irradiated onto an original document and the
light reflected therefrom is passed through a filter to
extract a blue light which 1s the complementary color of

yellow. The blue light is applied onto a uniformly 20

charged photosensitive member to form a latent image
thereon. The latent image is then developed with the
yellow toner to form a yellow image. The developing
processes with magenta and cyan liquid toners are simi-
larly performed, wherein green and red lights which are
compliementary colors of magenta and cyan, respec-
tively, are applied onto the photosensitive member to
form latent images corresponding respectively to the
green and red lights and then the latent images are
developed with the magenta and cyan liquid toners.
Through the above-described processes, a full color
image reproduction 1s achieved.

Although the yellow color is primanly reproduced
by the yellow liquid toner, a small amount of the yellow
color material is also contained in both the magenta and
cyan liquid toners. Therefore, yellow color reproduc-
tion will not be faithfully achieved if the components of
the yellow color material contained 1n the magenta and
cvan liquid toners are not taken into consideration. For
example, if reproduction 1s made with respect to an
original document having two regions which are the
same in yellow density but differ in both magenta and
cyan densities, the two regions where the yellow color
density should be reproduced at the same level will, in
fact, be reproduced at different levels due to the influ-
ence of the yellow color materials contained in the
magenta and cyan toner hiquid.

SUMMARY OF THE INVENTION

The present invention has been made to obviate the
above-described drawback, and accordingly it is an
object of the present invention to provide a color image
recording apparatus using three liquid toners of yellow,
magenta and cyan wherein rates of the components of
the foreign color maternials contained in each of the
liquid toners are taken into consideration to reproduce
the colors on an original document with maximum
posstble fidelity.

To achieve the above and other objects of the present
invention, there is provided a color image recording
apparatus for recording a color image of an original
document on a photosensitive paper using at least yel-
low, magenta and cyan liquid toners respectively con-
taining yellow, magenta and cyan color materials as
primary color components, at least one of the three
liquid toners further containing the primary color com-
ponents of the rest of two liquid toners as foreign color
components, wherein the color image recording is sepa-
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rately and sequentially performed with respect to the
yellow, magenta and cyan liquid toners, and wherein
each time one of the liquid toners is used, the photosen-
sitive paper is exposed to light to form a latent image
thereon corresponding to the color image of the origi-
nal document, the apparatus comprising scanning
means for scanning the color image of the original doc-
ument and providing an imaging light, charging means
for uniformly charging the photosensitive paper, light
separation means for separating the imaging light into
blue, green and red light components, filter means for
receiving the blue, green and red light components and
changing light transmission rates through the filter
means to equal rates of the color matenal to be used for
reproduction which is contained in the yellow, magenta
and cyan liquid toners, the light transmission rates being
changed each time when the yellow, magenta and cyan
liquid toners are selectively used, an optical unit for
applying the blue, green and red light components
passed through the filter means onto the photosensitive
paper to form a latent image thereon corresponding to
the color image of the original document, light paths of
the blue, green and red light components being the same
length, the blue, green and red light components passed
through the filter means being focused on the same
point on the photosensitive paper, and developing
means for developing the latent image with the liquid
toner containing the color matenal to be reproduced as
the main color component.

According to the image recording apparatus thus
arranged, the light separation means receives the light
reflected from the original document, i.e. the imaging
light, and separates 1t into blue, green and red light
components. The optical unit serves to individually
guide the blue, green and red light components to be
focused onto the same point on the photosensitive pa-
per. The optical path length of each of the blue, green

-~ and red light components are held equal to one another.

The filter means is, for example, in the form of a disk
which 1s equally divided into first, second and third
segments. Each segment 1s further divided into three
filter elements adapted to receive the blue, green and
red light components. The filter elements of the first
segment are used when developing the latent image
with the yellow liquid toner and the light transmission
rate of each of the filter elements of the first segment is
set equal to a proportion of the yellow color material
contained in each of the yellow, magenta and cyan
liquid toners, wherein the fiiter elements of the second
segment are used when developing the latent image
with the magenta ligquid toner and the light transmission
rate of each of the filter elements of the second segment
1s set to equal proportion of the magenta color material
contained in each of the yellow, magenta and cyan
liquid toners, and wherein the filter elements of the
third segment are used when developing the latent
image with the cyan liquid toner and the light transmis-
sion rate of each of the filter elements of the third seg-
ment 1s set equal to a proportion of the cyan color mate-
rial contained in each of the yellow, magenta and cyan
liquid toners. With the apparatus according to the pres-
ent invention, half-tones of the original image can be
particularly reproduced in good fidelity.

The above and other objects, features and advantages
of the present invention will become more apparent
from the following description when taken in conjunc-
tion with the accompanying drawings in which a pre-
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ferred embodiment of the present invention is shown by
way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic diagram showing a color image
recording apparatus according to the present invention;
and

FI1G. 2 1s a schematic representation of the filter used
in the image recording apparatus according to the pres-
ent invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the upper portion of a color image recording appa-
ratus, there is provided an original support plane for
placing an original document 2 thereon. In the interior
of the apparatus, an optical system is provided which
includes exposure lamps 1 for applying white light onto
the original document 2, a mirror 3a for receiving the
light reflected from the original document 2, a mirror
unit 35 for changing the light path of the reflected light,
a lens 4 for focusing the reflected light, dichromic mir-
rors Sa through Sc, a light transmission rate changing
filter 6a, and mirrors 7a through 7c.

The exposure lamps 1, the mirror 3¢ and the mirror
unit 3b are at rest below and leftwardly of (in the figure)
the original support plane. For scanning the image on
the original document 2, the exposure lamps 1 and the
mirror 3a move rightwardly at a speed of V, and the
mirror unit 35 moves rightwardly at a speed of V/2, to
maintain the optical length constant.

The dichromic mirrors 5a, 5b, 5S¢ are sequentially
arranged on the optical path one behind the other.
These mirrors serve to separate the imaging light into
red, green and blue light components. Specifically, the
mirror Sa receives the imaging light and reflects the
blue light component which is in complementary color
relation to yellow. However, the remaining compo-
nents of the imaging light are allowed to pass there-
through. The mirror 56 receives the light passed
through the mirror 5a, and reflects the green light com-
ponent, which is in complementary color relation to
magenta, and the residual red light component is al-
lowed to pass through. The mirror Sc receives the red
light component passed through the mirror 54 and re-
flects the same. The red light component is a comple-
mentary color to cyan. In this manner, the imaging light
1s separated into the blue, green and red light compo-
nents by the mirrors 5a, 56 and 5c, respectively, and
those light components are directed downwardly at the
associated mirrors 7a, 76 and 7c.

The filter 6a is of a disk shape and is secured to a
rotary shaft 66 and receives the blue, green and red light
components at different locations. The filter 6a is ro-
tated by a motor (not shown) coupled to the rotary shaft
6b and rotates 120 degrees at a time. The filter 6a is
divided into three segments, each being further divided
Into three so as to be in positional correspondence to the
mirrors 3a, 56 and Sc. Nine filter elements are therefore
provided In total, each having a predetermined light
transmission rate to be described later.

The lights passed through the filter 6a are reflected
upon the associated mirrors 7a, 76 and 7¢ and are fo-
cused onto the same point on a photosensitive drum 8.
The positions in which the mirrors 7a, 7b and 7c¢ are
disposed are determined so that the length of the optical
path of each color component is set to be equal to one
another.
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The drum 8 is rotatable in the clockwise direction in
the illustrated state. A photosensitive sheet 9 is unrolled
from a roll and cut to a predetermined length by means
of a cutter (not shown). The photosensitive sheet 9 1s
wound around the drum 8. A discharger 10z and a
charger 106 are disposed along the periphery of the
drum 8 and between a sheet entry position and the
focusing position in confronting relation to the outer
periphery of the drum 8.

Downstream of the focusing position, a developing
unit 11 1s disposed in which three toner tanks are sepa-
rately arranged which are a yellow toner tank contain-
ing a yellow liquid toner, a magenta toner tank contain-
ing a magenta liquid toner and a cyan liquid toner tank
containing a cyan liquid toner. A photosensitive sheet
conveyor belt 12 and a discharge tray 13 are also dis-
posed along the periphery of the drum 8 downstream of
the developing unit 11.

In the yellow liquid toner, yellow color material is
contained 100% and substantially no foreign color ma-
terials, 1.e. magenta and cyan color materials, are con-
tained therein. In the magenta liquid toner, magenta
color material is contained 60% as a primary compo-
nent and foreign color materials are contained 40% in
which yellow color material occupies 35% and cyan
color matenal 5%. In the cyan liquid toner, cyan color
material 1s contained 45% and foreign color materials
are contained 55% in which yellow color material oc-
cupies 20% and magenta color material 35%. The fore-
going rates of the respective color materials contained
1n each of the liquid toner are shown by way of example
and such rates change depending upon the manufac-
tures.

Operation of the apparatus thus arranged will next be
described.

In the state where an original document 2 with a
color image thereon is placed face down on the original
support plane, a start switch (not shown) is depressed.
The, the exposure lamps 1 are lit and move rightwardly
together with the mirror 3a and the mirror unit 356 for
scanning the image face of the original document 2. The
light reflected from the original document 2, i.e. imag-
ing light, 1s separated into blue, green and red color
components by the dichromic mirrors 5q, 56 and S5e,
respectively, and the light components thus separated
are entered into the filter 6a.

In this apparatus, developing processes with yellow,
magenta and cyan liquid toners are separately and se-
quentially carried out. In each developing process, the
scanning of the original document 2 and separation of
the imaging light are repeatedly performed.

In the yellow liquid toner developing process, three
filter elements By, Gj and R of the first segment of the
filter 6a are placed in positional correspondence to the
mirrors Sa, 56 and Sc, respectively. The light transmis-
sion rates of those filter elements Bi, G; and R; are
selected to 100%, 35% and 20%, respectively, so that
the amount of the blue light component is entirely al-
lowed to pass through the filter element By, the amount
of green light component is reduced to 35%, and the
amount of the red light component is reduced to 20%.
In the magenta liquid toner developing process, the

- second segment of the filter 6a is disposed in the optical

path by rotating the filter 6a 120 degrees and another
three filter elements B;, G2 and R3 are placed in posi-
tional correspondence to the mirrors Sa, 56 and Sc,
respectively. The light transmission rates of the filter
elements B3, G2 and R are selected to 09, 609% and
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35%, respectively, so that the blue light component is
completely interrupted, the amount of green light com-

ponent 1s reduced to 60%, and the amount of the red

light component is reduced to 35%. Likewise, in the
cyan liquid toner developing process, the third segment
of the filter 6¢ 1s disposed in the optical path by rotating
the filter 6q further 120 degrees and the rest of the three
filter elements B3, G3 and R3 are placed in positional
correspondence to the mirrors Sq, §b, and Sc, respec-
tively. The light transmission rates of the filter elements
B3, G3zand Rjare selected to 0%, 5% and 45%, respec-
tively, so that the blue light component is completely
interrupted, the amount of the green light component is
reduced to 5%, and the amount of the red light compo-
nent is reduced to 45%. The foregoing light transmis-
sion rates are shown by way of exampie only. It should
be noted that the above-mentioned light transmission
rates are determined so that gray color on the original
document can be reproduced with a possible maximum
fidelity, wherein equal amounts of blue, green and red
light components are received in the filter 6a.

As described, the light transmission rate of each of
the filter elements By, Gjand R; used in the developing
process with yellow liquid toner is set equal to the pro-
portion of the yellow color matenal contained in each
of the yellow, magenta and cyan liquid toners. Simi-
larly, the light transmission rate of each of the filter
elements B2, G2 and R used in the developing process
with the magenta liquid toner is set equal to the propor-
tion rate of the of the magenta color material contained
in each of the yellow, magenta and cyan liquid toners.
The light transmission rate of each of the filter elements
B3, G3 and Rj used in the developing process with the
cyan liquid toner is set equal to the proportion rate of
the quantity of the cyan color material contained in
each of the yellow, magenta and cyan liquid toners.

In the developing process with the yellow liquid
toner, the light from the filter 6¢ is irradiated onto the
photosensitive paper 9 which has been uniformly
charged. The photosensitive paper 9 is therefore ex-
posed to the light and a latent image is formed thereon.
‘The latent 1mage 1s then developed with the yellow
liquid toner. In similar fashion, developments with ma-
genta and cyan liquid toners are sequentially performed.
After all the developing processes are finished, the pho-
tosensitive paper 9 is discharged onto the discharge tray
13 while being conveyed by the conveyor belt 12.

Although the present invention has been described
with reference a specific example, it would be apparent
for those skilled in the art that various changes and
modifications may be made without departing from the
scope and spirit of the present invention.

What is claimed is:

1. A color image recording apparatus for recording a
color image of an original document on a photosensitive
paper using at least yellow, magenta and cyan liquid
toners respectively containing yeilow, magenta and
cyan color matenials as primary color components, at
least one of the three liquid toners further containing
the primary color components of the rest of two liquid
toners as foreign color components, wherein the color
image recording is separately and sequentially per-
formed with respect to the yellow, magenta and cyan
liquid toners, and wherein each time one of the liquid
toners is used, the photosensitive paper is exposed to
light to form a latent image thereon corresponding to
the color image of the original document, the apparatus
comprising:
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scanning means for scanning the color image of the
original document and providing an imaging light;
charging means for uniformly charging the photosen-
sitive paper;
light separation means for separating the imaging
~light into blue, green and red light components;
filter means for receiving the blue, green and red light
components and changing light transmission rates
passing through said filter means so as to be equal
to a proportion of that color material to be used for
reproduction which is contained in the yellow,
magenta and cyan liquid toners, the light transmis-
sion rates being changed each time when one of the
yeilow, magenta and cyan liguid toners is used;
an optical unit for applying the blue, green and red
light components passed through said filter means
onto the photosensitive paper to form a latent
image thereon corresponding to the color image of
the original document, light paths of the blue,
green and red light components being the same
length, the blue, green and red light components
passed through said filter means being focused on
the same point on the photosensitive paper; and
developing means for developing the latent image
with the liquid toner containing the color material
to be reproduced as the main color component.
2. A color image recording apparatus according to
claim 1, wherein said filter means includes a disk-shaped
filter equally divided into first, second and third seg-
ments, each segment containing three filter elements for
receiving the blue, green and red light components and
being used when development with each of the three
liquid toners is used.

3. A color image recording apparatus according to
claim 2, wherein the filter elements of the first segment
1s used when developing the latent image with the yel-
low hquid toner and the light transmission rate of each
of the filter elements of the first segment is set equal to
a proportion of the yellow color material contained in
each of the yellow, magenta and cyan liquid toners,
wherein the filter elements of the second segment is
used when developing the latent image with the ma-
genta liquid toner and the light transmission rate of each
of the filter elements of the second segment is set equal
to a proportion of the magenta color material contained
in each of the yellow, magenta and cyan liquid toners,
and wherein the filter elements of the third segment is
used when developing the latent image with the cyan
liquid toner and the light transmission rate of each of
the filter elements of the third segment is set equal to a
proportion of the cyan color material contained in each
of the yellow, magenta and cyan liquid toners.

4. A color image recording apparatus according to
claim 1, wherein said light separation means comprises
three dichromic mirrors for discretely reﬂectmg the
blue, green and red light components.

5. A color recording apparatus according to claim 1,
wherein said filter means comprises a first segment, a
second segment and a third segment, each segment
containing three filter elements for receiving the blue,
green and red light components and being used when
development with each of the three liquid toners is
used.

6. A color recording apparatus according to claim 5,
wherein the filter elements of the first segment are used
when developing the latent image with the yellow lig-
uid toner and the light transmission rate of each of the
filter elements of the filter segment is set equal to a
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proportion of the yellow color material contained in
each of the yellow, magenta and cyan liquid toners,
wherein the filter elements of the second segment are
used when developing the latent image with the ma-
genta liquid toner and the light transmission rate of each
of the filter elements of the second segment is set equal
to a proportion of the magenta color material contained
in each of the yellow, magenta and cyan liquid toners,
and wherein the filter elements of the third segment are
used when developing the latent image with cyan liquid
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toner and the light transmission rate of each of the filter
elements of the third segment is set equal to a propor-
tion of the cyan color material contained in each of
yellow, magenta and cyan liquid toners.

7. A color image recording apparatus according to
claim §, wherein said light separation means comprises
three dichromic mirrors for discretely reflecting the

blue, green and red light components.
 J L . * ¥
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